espiratory failure ( R F ) ultimately occurs in many individuals with chronic obstructive pulmonary disease ( COPD ) .
Increasing degrees of ventilation-perfusion mismatching are followed by alveolar hypoventilation and respiratory failure. In some the first indication of the latter may be a gradually increasing severity of dyspnea and hypoventilation signified by increasing arterial Pc02 levels, while in others respiratory failure may have an acute onset.
The course of COPD following the onset of chronic slowly worsening ventilatory failure or the first acute episode of RF is variable, and has not been well described. Many patients will recover their previous ventilatory status, while others regress at a rate that ranges from months to several years. Some succumb during their first episode from cardiac arrest, overwhelming lung infections, or other events. We have noted patients who experience several or a series of acute episodes of RF, interspersed with stable plateau periods of even more than a year, characterized by persistent alveolar hypoventilation. ' The study reported here was undertaken to document the course and outcome of COPD following the first episode of RF. The initial episode was used to signify zero time or the beginning of what was hypothesized to be the terminal course of COPD. Each succeeding episode of RF was studied, as well as the intervals between each episode or the so-called stable period. The patients were followed to their final outcome, that of dying or still remaining alive.
The Los Angeles County-University of Southern California Medical Center annually admits about 600 patients to the pulmonary disease service. About 135 patients were cared for in the respiratory intensive care unit each year ( 1966-1969). Two thirds of this group were in RF attributable to COPD. From this group, 30 patients with adequate doc11-mentation of their clinic visits, home care periods, and hospital admissions were selected for this study.
There were 21 white men and one Negro man; seven white women patients and one Negro woman. The average age of the patients on the first episode of R F was 57 years (range 27 to 75 ) .
Clinical Characteristics: The clinical characteristics of these 30 patients prior to their first episode of RF are given in Table 1 , and can be summarized as follows:
Smoking: 20 patients (66 percent) were cigarette smokers, and the remaining ten had never smoked. Cough: All patients had a cough which had existed for approximately nine years (range 2 to 23). Sputum production: Cough with sputum had appeared GOTTLI EB, BALCHUM Cor Pulmonale: Sixty percent of the patients had evidence of cor pulmonale (electrocardiographic evidence of right ventricular hypertrophy and clinical findings of right ventricular insufficiency ) .
Other Findings: Chest x-ray examination showed that 87 percent of the patients had x-ray changes (hyperinflation) compatible with a diagnosis of COPD. Other characteristics were an av-rage weight loss of 22 pounds that occurred in 40 percent of the patients. Treahnent prior to the first episode of RF: 93 perccnt of the patient5 had been on a home care therapy program consisting of IPPB, phenobarbital-ephedrinetheophylline tablets, and nebulized isoproterenol (hand cartridges). Fity percent of the patients had been taking a digitalis and a diuretic preparation. The early curtailment of Activity classification prior to first episode of R F 111 work activity (Table 3 ) because of COPD was strikingly evident. All patients had stopped work prior to their first documented episode of RF. Exertional dyspnea was the cause for stopping work at a mean age of 53 years. Approximately four years elapsed between the time of stopping work and the advent of RF. The activity classification1 of this group (20 patients) was predominantly grade 3 (breathless after working about 100 yards or for a few minutes on the level). The remainder were bedridden or restricted to their homes.
Characteristics of First Episode of RF
The first episode of RF occurred at a mean age of 57 years. An episode of RF was characterized as having a PO? below 60 mm Hg, a Pcoz above 60 mm Hg, a pH below 7.35, and respiratory symptoms and disturbances requiring intensive pulmonary care and monitoring. Either controlled or assisted ventilation was used in all 30 patients.
Possible precipitating factors in RF were infection and sedation. The presence of infection was established by a grossly yellow or discolored sputum and an elevation of temperature and white blood cell count. Infection was also conridered to be present in the absence of temperature and white blood cell count elevation, if the sputum showed a high number of polymorphonuclear leukocytes. Infection was present in 13 percent of the patienh. In six percent of the patients, RF was initiated by self-induced willful, or accidental, barbiturate oversedation.
The arterial blood gases on admission while breathing air (Table 4 ) showed that the average Pop was 48 mm Hg, the Pcg, 72 mm Hg, the pH 7.30, and the HCOs-33 mEq/L. The hematocrit was 48 percent.
All 30 patients required ventilatory therapy with either controlled or assisted ventilation. Seventeen patients required tracheostomy, usually after a trial period of nasotracheal or endotracheal intubation; two patients were managed solely with an endotracheal tube. The average duration of tracheostomy was 40 days. Five patients had tracheal infection around the tracheostomy stoma. Endotracheal tubes were removed after a maximum of 72 to 96 hours. The main consequences of RF were the accumulation of excessive, viscid secretions and bronchopneumonia which occurred in seven patients. Significantly, eight patients had their first 
Characteristics of Interval Following First Episode of R F
The interval stage recorded the period after recovery from the acute episode of RF to the next hospital admission for RF. During this time, the patient was at home or in a nursing home, and attended the chest clinic. Twenty percent of the patients had recurrent chest colds; 80 percent had a persistent cough; 72 percent continued to raise abnormal amounts of discolored sputum; 80 percent had dyspnea with moderate activity; 75 percent were aware of a chest wheeze.
The Patients with two Episodes of R F (Table 5) Twenty-one patients had two admhsions for RF. The arterial blood gases during this period were comparable to the blood gases of the initial episode of RF ( Table 4 ) . The average time elapsing between the initial and the second episode of RF was eight months (range 1 to 36). All of the patients had been on home or nursing home care which consisted of IPPB, bronchodilators, isoproterenol inhalers and expectorants. Patients with cor pulmonale had received digitalis and diuretics. Nine patients died during or shortly following their second episode of RF. The stable interval between the second and third episodes of RF was characterized by arterial blood gases that showed hypoxemia and hypercapnia above the levels obtained prior to the first episode of RF.
Patients roith three Episodes of RF (Table 5) Twelve of the patients had three admissions for RF which terminated in ten survivals and two deaths. The arterial blood gases during this period were comparable to the blood gases of the initial episode of RF ( Table 4 ) . The average elapsed time between the second and third episode of RF was four months (range two to six). The stable interval following the third episode of RF showed that hypoxemia and hypercapnia remained elevated compared to the values observed prior to the first episode of RF.
The progress of 30 patients with one or more episodes of RF was followed ( Table 5 ). There were 21 patients who survived the first episode of RF and nine deaths. Of the 21 surviving patients that had a No. of patients 30
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No. died second episode of RF, 12 survived and nine died. The average interval between the first and second episodes was eight months. Of the 12 patients that had three episodes of RF, ten survived and two died. The average interval between the second and third episodes was four months. ' 1 ures The clinical, physiologic and pathologic fee t of these patients followed this chronologic course: bronchitis appeared at a mean age of 50; dyspnea developed at age 52. At age 53, work was stopped. The first episode of RF occurred at a mean age of 57. Twenty patients (66 percent) had died within two years after the first episode of RF, at a mean age of 59, approximately seven years after the onset of COPD.
The autopsy findings on 12 of the 20 patients that died showed diffuse pneumonia or bronchopneumonia superimposed on chronic bronchitis and emphysema. In addition, five patients showed marked right ventricular hypertrophy and one patient had a large pulmonary embolus. The clinical cause of death in the eight patients who had no ' 11 ure autopsy was COPD with acute respiratory f* ' 1 and heart failure.
A resume of the ten patients that had survived three episodes of RF revealed that five had been lost to follow up and five patients had been confined to their homes or a nursing home. For this group, the emphysema classification was class V and the activity classification was grade 4. Their average age was 71. Dressing and excessive talking cause dyspnea in this group and their activities were confined to a bed and chair type of existence.
The course of COPD following the first episode of RF was studied in 30 patients. Once the patient was admitted to the hospital for respiratory f. ' 11 '1 ure a zero time was established to document the late course of the disease. The relationship of smoking to COPD has been previously n~t e d .~.~ In this study, 66 percent of the patients had smoked an average of 31 years prior to the advent of RF. The ten nonsmokers of this group had their first episode of RF approximately three years later than the smokers. However, once respiratory failure had occurred there was no appreciable variation in the nonsmokers or smokers in reference to the ntlmber of episodes of RF or life span. The course of the disease before RF was characterized by cough and sputum production that appeared at a mean age of 50. In Reid and Fairbairn's ~e r i e s ,~ the average age of onset of bronchitis was 44. However, their observation was based on the first recorded attack of bronchitis. Their study also considered the poten-CHEST, VOL. 63, NO. 1, JANUARY, 1973 GOTTLIEB, BALCHUM tiating effects of fog and severe climatic changes in influencing the onset of bronchitis.
The onset of dyspnea in this study was significant in that it denoted the near end of productive work for the patient. Dyspnea appeared at a mean age of 52, followed by the cessation of work at age 53.
Cor pulmonale was a frequent complication of COPD in this group. Sixty percent of the patients had clinical evidence of right ventricular failure manifested by dependent edema, hepatomegaly, accentuated pulmonic second sound and electrocardiographic signs of right ventricular hypertrophy. Undoubtedly, the prognosis in this series was strongly influenced by the cardiac status of these patients. An episode of right ventricular failure secondary to cor pulmonale appears to have the greatest adverse influence upon p r o g n o~i s .~ Cor pulmonale had not occurred in the survivors of three episodes of R F ( ten patients ) . This may have been significant in the long-term survival of this group. Long survivals after an event of right ventricular failure, in which hypoxemia had been imnroved, have been r e p~r t e d .~,~. ' The occurrence of R F in the late course of COPD is a poor prognostic omen. Sukumalchantra and coworkerss found a 46 percent mortality in three years in their series of patients following an acute episode of RF. In our series, 66 percent of the patients died within two years after the first episode of RF. Conventional therapy and home care respiratory management during the so-called stable periods had little effect in altering the downhill course. Hypoxemia and hypercapnia increased in severity with successive episodes of RF.
Mortality rates in patients with COPD vary widely from about 20 percent to 48 percent within a five-year fo!low up.539 This wide range reflects the differences in criteria in patient selection and computation of mortality rates. Renzetti and associate^,:^ in a comprehensive cooperative Veterans Administration study, found that within four years of their study the mortality rate was 53 percent. Our study indicated that 66 percent died approximately seven years after the onset of COPD.
